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Zero Energy Ready Home 
Training

SAM RASHKIN
Chief Architect
Building Technologies Office

DOE Zero Energy Ready Home



2 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov

AIA LU’s

Credit(s) earned on completion of 
this course will be reported to AIA 
CES for AIA members. 
Certificates of Completion for both 
AIA members and non-AIA 
members are available upon 
request.

This course is registered with AIA 

CES for continuing professional 
education. As such, it does not 
include content that may be 
deemed or construed to be an 
approval or endorsement by the 
AIA of any material of construction 
or any method or manner of
handling, using, distributing, or 
dealing in any material or product.
_______________________________________
Questions related to specific materials, methods, 
and services will be addressed at the conclusion 
of this presentation.
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Course Description

DOE Zero Energy Ready Home training sessions 
provide dynamic content on the business case 
and technical strategies to successfully design 
and build zero energy ready homes in today’s 
market.  The training features multiple modules 
covering the business advantages of high 
performance building, marketing to consumers, 
advanced building specifications and systems, 
and gaining recognition through DOE Zero Energy 
Ready Home Home.
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Learning Objectives

1. Understand the business case for constructing zero energy ready 
homes.

2. Recognize the home buyer value propositions for purchasing zero net-
energy homes.

3. Understand the DOE technical specifications associated with zero 
energy ready performance.

4. Understand how to gain recognition for construction zero energy ready 
homes with the DOE Zero Energy Ready Home program
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Web Site:
www.buildings.energy.gov/zero/

e-mail Contact:
zero@newportpartnersllc.com

For More Information
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Agenda: Morning

• Zero Business Solution:
– Zero Building Blocks
– Zero Common Agenda
– Zero for Informed Buyers
– Zero Value Translated

• Zero Builders in Action
– Name 1
– Name 2
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Agenda: Afternoon

• Zero Specifications
– Optimized Enclosure System
– Water Protection Systems
– Optimized Comfort System
– Comprehensive IAQ System
– Efficient Component System
– Solar Ready System
– Summary

• Zero Recognition
– Zero Energy Ready Home Resources
– Partnering with Zero Energy Ready Home
– Meet the Raters: Local Solution
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Zero Energy Ready Home Training

Zero Building Blocks
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Image Basis:  Building Energy Codes Program:  National Benefits Assessment, 1992-2040, 
https://www.energycodes.gov/sites/default/files/documents/BenefitsReport_Final_March20142.pdf

1970 2015

2006
IECC

100

40

Risk Zone

Welcome to New Risk Reality

EUI
(1975 = 100)

Improvement in Code
(1975-2015)

38%
2009
IECC

2012
IECC

2015
IECC
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Six  
Building 
Blocks to 
Manage 
Risks
Risk Driver:
Advanced 
Enclosure

New Risk Reality Driver

Outcome:
+ Insulation
+ Windows

+ Air Sealing

Reality:
> Code Rigor
< HERS Index
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Building Block #1: 
Whole-House Water Protection

Water-Managed:
Roofs

Walls/
Openings

Site/
Foundation

Materials

Moisture Risk:
More Wetting 

Potential

Outcome:
Colder Surfaces

Less Drying

Risk Driver:
Advanced 
Enclosure
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Building Block #2: 
Ensured Comfort

HVAC QI:
Right-Sizing 

Var. Speed
Ducts in 

Cond. Space
Proper 

Installation
Complete

Comfort Risk:
< Mixing

< RH Control

Outcome:
< Loads, > MRT Control

< Air Flow, > Swing Season

Risk Driver:
Advanced 
Enclosure
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Building Block #3: 
Comprehensive Indoor Air Quality

IAQ System:
Source 

Control
Fresh Air 

System
High-Capture

Filtration

IAQ Risk:
More 

Contaminants

Outcome:
Less 

Air Exchange

Risk Driver:
Advanced 
Enclosure
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Investment Risk:
Near-Term 

Obsolescence

Outcome:
3-Year 

Code Cycle

Risk Driver:
Advanced 
Enclosure

Risk Driver:
Optimized 
Enclosure

Building Block #4: 
Optimized Enclosure

Future Code:

+ Air Tight

+ Window Eff.

+ Insulation
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Building Block #5: 
High-Efficiency Components

ENERGY STAR:
Equipment

Lighting
Appliances

Fans

Efficiency Risk:
Components 

Energy Use

Outcome:
Heating/Cooling 

< 50% Load

New Reality:
Advanced 
Enclosure

Risk Driver:
Optimized 
Enclosure
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Building Block #6: 
Solar Ready Construction

Solar Ready:
Structural Calcs

Conduit for 
Wiring

BOS Space
Extra Circuit 

Breakers

Path to Zero Risk:
Zero

Ready

Outcome:
Ultra-Low HVAC
Eff. Components

New Reality:
Advanced 
Enclosure

Risk Driver:
Optimized 
Enclosure
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Zero Six Building Blocks Summary

Solar 
Ready

Efficient 
Comps

Advanced 
Enclosure

Indoor Air 
Quality

Optimized   
Enclosure

Ensured 
Comfort

Water 
Protection

Complete Risk Management Systems
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Zero Energy Ready Home Training

Zero Common Agenda
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Time for a Common Agenda

Source: “To Zero and Beyond, Zero Energy Residential Buildings Study, 2016 Inventory of residential 
projects on the path to zero in the U.S. and Canada, Net Zero Energy Coalition, June 2017

741
PROJECTS
408 IN 2015

4,077
BUILDINGS

3,339 IN 2015

8,203
UNITS

6,177 IN 2015

NOT INCLUDING PLANNED UNITS/PROJECTS

• 33% BUILDINGS GROWTH IN A SINGLE YEAR
• 82% PROJECT GROWTH IN A SINGLE YEAR

2015-16 ZE PROJECTS, BUILDINGS, & UNITS
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Time for a Common Agenda

States with ZERH
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Zero: 
• Name
• Strategy
• Threshold
• Simple Definition

Zero Common Agenda
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‘Net’ 
Out:

• Protect 
Valuable 
Real Estate

• Ensure 
Simplicity

Zero Name
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NET

Zero Name: Why ‘Net’ Out
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Zero Name: Why ‘Net’ Out
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‘Ready’ 
In:

• Protect Core 
Customer 
Liability

• Inclusive vs. 
Exclusive

‘Net’ 
Out:

• Protect 
Valuable 
Real Estate

• Ensure 
Simplicity

Zero Name
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Substantial Uncertainty:
• Software Predictions

– HERS Predicted vs. Actual Energy Use 
– HERS Analysis Results Among Raters

• Occupant Impacts
– Number 
– Equipment
– Behavior 
– Maintenance 

• External Forces
– Year-to-Year Weather 
– Utility Solar Power Purchase Charges

Zero Name: Why ‘Ready’ In
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Don’t Exclude Homes with:
• Shading

– Trees
– Buildings
– Architecture 

• Low Insolation Locations 
• Inadequate Roof Area

– South-Facing
– Multi-Stories

Zero Name: Why ‘Ready’ In
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0

Annual
Energy

Use

Optimized
Efficiency:
• Enclosure
• Components
• Solar Ready

Do No Harm:
• Moisture Protection
• Assured Comfort
• Comprehensive IAQ

Optional
Renewable 

Energy:
• On-Site
• Offsets

Zero Energy 
Home

Zero Energy 
Ready Home

Minimum 
Code Home

Zero Strategy

Efficiency & Performance First!
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Zero Threshold

Solar 
Ready 
System

Efficient 
Comps 
System

Advanced 
Enclosure

Indoor Air 
Quality 
System

Optimized   
Enclosure 

System

Optimized 
Comfort 
System

Water 
Protection 

System

Six Complete Risk Management Systems
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High-performance home, so energy efficient,
all or most annual energy consumption

can be offset by renewable energy.

Zero Simple Definition
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Zero Energy Ready Home Training

Zero for Informed Buyers
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Informed Buyer Movement

Information 
Parity:
Caveat 
Venditor

Information 
Asymmetry:

Caveat 
Emptor
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More Informed Homebuyers

SOURCE: National Association of Realtors® - Profile of Home Buyers and sellers 2010 

Internet 
Content 
Coming 
Soon
Internet 
Content 
Available 

Now
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Informed Homebuyer Catalyst
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Plymouth University psychologists 2014 study showed that 
householders who received thermal images of their homes were 

4.9 times more likely 
to install draught proofing than those just presented 

with an energy audit

Informed Homebuyer Catalyst
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Informed Homebuyer Catalyst

Nearly three-quarters of Bristol residents who were shown 
thermal imaging of their home’s heat loss took some kind of action.
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Cheap IR Cameras
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Cambridge

Essess

Mobile IR Cameras
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Drone IR Cameras
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Airborne IR Cameras
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Un-heated
vacant housing

Poorly insulated housing
with varying

degrees of heat loss

Well insulated occupied
housing with heat loss visible

through the chimney flues

Satellite IR Cameras
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Citywide IR Programs
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Buyers Will Know Thermal Defects
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Buyers Will Know Thermal Defects
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Buyers Will Know Thermal Defects
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Buyers Will Know Thermal Defects
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Aqua in Chicago

Buyers Will Know Thermal Defects
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Aqua in Chicago

Buyers Will Know Thermal Defects
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Builders Compete Thermal Defects  

Competitor’s 
Home

Our
Home
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…because it minimizes the risk of 

Thermal Defects

Zero Ready for Informed Buyers…
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Buyers Will Know Poor Windows
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Buyers Will Know Poor Windows
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Buyers Will Know Good Windows
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…because it integrates

Advanced 
Windows

Zero Ready for Informed Buyers…
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Missing step & kick-out flashing

Buyers Will Know Moisture Problems
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Buyers Will Know Moisture Problems
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…because it minimizes the risk of 

Moisture Defects

Zero Ready for Informed Buyers…
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Diagnostic System:
• Six Sensors

[Outdoor Condenser]  
– 3 Thermal 
– 2 Voltage 
– 1 Current

• <15 Minutes Install
• $50 Hardware

Buyers Will Know HVAC Quality
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Diagnostic Capability:
• Charge [Low]
• Capacitor [Failed Start or Run]
• Flow [Condenser or Evaporator]
• Operation [Normal/Abnormal]
• Performance [COP]

Buyers Will Know HVAC Quality
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Buyers Will Know HVAC Quality
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Buyers Will Know HVAC Quality
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…because it helps ensure

Quality HVAC

Zero Ready for Informed Buyers…
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Indoor vs. Outdoor Air Pollutants:

On average 2-5 times greater
Up to 100 times greater

While Americans Spend 

90% of time indoors

Increasing Health Concerns

Source: EPA
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“If your child doesn’t use an inhaler,
consider yourself a lucky parent because,

1 in 10 children in the U.S. 
suffers from asthma.” 

Increasing Health Concerns

Source: Remarks for Administrator McCarthy, Announcement of Clean Power Plan, 
Washington, DC, June 2, 2014
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Buyers Will Know Indoor Air Quality
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Buyers Will Know Indoor Air Quality
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…because it helps minimizes the risk of

Health Problems

Zero Ready for Informed Buyers…
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Buyers Know Lack of Efficiency

Source: The Housing Satisfaction Gap: What People Want but Don’t Have, 
Demand Institute, 2014

71%
think it’s 

important

35%
satisfied with 
current home

36%
Satisfaction

Gap

“very energy efficient with low monthly utility costs.”
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Buyers Will Know Operational Score

Great

Good

BELOW AVERAGE
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Buyers Will Know Asset Score

Your
Home
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Buyers Will Know Efficiency
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…because it optimizes

Energy Efficiency

Zero Ready for Informed Buyers…
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Buyers Know Solar Prices Falling

Source: “Solar Adds More Than 4 Gigawatts of Capacity in Q3, Marking its Largest Quarter in 
History, U.S. Solar Market Insight,” Solar Energy Industry Association, Updated Dec. 13, 2016
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Buyers Can See Solar
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…because it optimizes

Solar Readiness

Zero Ready for Informed Buyers…
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Buyers Know Planet is Hurting
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…because it minimizes

Environmental 
Impact

Zero Ready Informed Buyers…
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Buyers Know Homes Are Aging

27 27
29 29 30 31 31 32

34 35
37
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Buyers Know Homes Are Aging
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• High Utility Bills
• Poor Comfort 
• Health Concerns
• Moisture Issues 
• Excessive Bugs/Pests
• Durability Problems 
• Obsolete Technology

Meet 

85%
of Your 

Competition

Buyers Know Aging Home Liabilities
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…because it eliminates many liabilities with

Older Homes

Zero Ready for Informed Buyers…
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Buyers Know Trusted Performance
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Buyers Know Trusted Performance
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…because it delivers

Trusted 
Performance

Zero Ready for Informed Buyers…
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Buyers Will Know Reviews
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Buyer Game Changer…Stars

Coming to a housing industry near you… 
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…because it helps optimize the

Home Living 
Experience

Zero Ready for Informed Buyers…
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1. If it can be done, it will be done.

2. If you don’t do it, someone else will.

* Daniel Burrus, “Flash Foresight”

Informed Buyer Rules*
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• Film:
– Kodak
– Polaroid

• Communication:
– Motorola
– Palm

• Retail
– Too Many Retailers to Name

• Transportation:
– American Car Manufacturers (close call)
– TWA and other Legacy Airlines
– Taxis

… and the list goes on…

Someone Else Doing It Graveyard…
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Personal
Transportation

<1X

Informed Consumer Willingness to Pay for 
Innovation…

Informed Buyers Willing to Pay…

…for Transformational Experiences:
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Personal
Transportation

<1X

Daily
Break

2-3X

Informed Consumer Willingness to Pay for 
Innovation…

Informed Buyers Willing to Pay…

…for Transformational Experiences:
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Personal
Transportation

<1X

Daily
Break

2-3X

Healthy
Food

2-3X

Informed Consumer Willingness to Pay for 
Innovation…

Informed Buyers Willing to Pay…

…for Transformational Experiences:
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Personal
Transportation

<1X

Daily
Break

2-3X

Healthy
Food

2-3X

Tech +
Design

10X

Informed Consumer Willingness to Pay for 
Innovation…

Informed Buyers Willing to Pay…

…for Transformational Experiences:
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Personal
Transportation

<1X

Daily
Break

2-3X

Healthy
Food

2-3X

Tech +
Design

10X

Healthy
Water

∞X

Informed Consumer Willingness to Pay for 
Innovation…

Informed Buyers Willing to Pay…

…for Transformational Experiences:
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Zero Energy Ready Home Training

Zero Value Translated
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2012

Zero Communication Challenge

v3

2006

2009

2009 2012

v1 & v2

How do 
consumers 

decide?



97 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov

• Simple Core Message

• Showcase Better Experience 

• Clarity with Contrast

Communication Strategy
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Click on Climate 
Region

Simple: Consumer Video
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The home of the future… 
Today

Simple: Consumer Video
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Buying a home is 
often the largest 

purchase of a lifetime 
with so much riding on 

getting it right.

Simple: Consumer Video
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This is because it’s 
often cost-prohibitive 
to make substantial 

changes once 
a home is built.

Simple: Consumer Video
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Wouldn’t it be great 
to know what 

leading experts 
would look for in a 

new home 
that performs

to their expectations?

Simple: Consumer Video
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Well now you do.

When building 
performance 
professionals 

are polled, 
they overwhelming 
choose homes that 
meet Department of 
Energy Zero Energy 

Ready Home 
specifications.  

Simple: Consumer Video

2009
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Seven Must-Have Systems

765

4321

7
Enhanced 

Quality 
Assurance

Performance 
Ready

6
Solar 
Ready 

Construction

Zero 
Ready

5
Comprehensive

Indoor Air 
Quality

Health 
Ready

4
High-

Efficiency 
Components

Tech 
Ready

3
Advanced 

Heating and 
Cooling

Comfort 
Ready

2
Whole-House 

Water 
Protection

Moisture 
Ready

1
Optimized 
Thermal 

Protection

Future 
Ready

That’s because 
leading experts 

know every certified 
Zero Energy Ready 

Home includes 
seven 

must-have systems 
that help ensure a 

superior homeowner 
experience.

Simple: Consumer Video
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Monthly 
Utility Bill

Monthly 
Mortgage

Monthly 
Utility Bill

Lower 
True Cost

Monthly 
Mortgage

CODE

Maybe most 
significantly, leading 
experts know all this 

added value, 
compared to a 

minimum code home,

is available for 
lower ownership cost 

where significant 
utility bill savings 
exceed additional 

mortgage expenses.

Simple: Consumer Video
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In other words,
leading experts know 

buying smart 
is as easy as looking 

for the DOE Zero 
Energy Ready Home 

label.

Simple: Consumer Video
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Zero Energy Ready Home
for More Information:

https://energy.gov/eere/buildings/zero-energy-
ready-home-homebuyers

For more information 
how you can get the 
home experts would 

choose, visit the Zero 
Energy Ready Home 

web site.

Simple: Consumer Video
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Housing Innovation Awards
Feeds Tour of Zero

Showcase: Tour of Zero
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Click on Climate 
Region

Showcase: Tour of Zero
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Showcase: Tour of Zero
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Showcase: Tour of Zero

Consumer 
Experience
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Showcase: Tour of Zero
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Showcase: Tour of Zero
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Showcase: Tour of Zero
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30-yr Mortgage Savings:

$125,500+
Calculated with fuel escalation rate 
per 2014 EIA Annual Energy Outlook

Annual Savings:

$2,412
Calculated vs. 2009 IECC home

Avg. Monthly Energy Bill:

$71
Calculated vs. 2009 IECC home

Showcase: Tour of Zero

Innovations 
(Power Words)

Consumer 
Experience

Video

Key 
Stats

Contact 
Info
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Goal: 
Inspire consumers
to visit the home of the future…
available today… 
DOE Zero Energy Ready Homes.

Innovation Partners:
• Manufacturers
• Associations
• Utilities
• Lenders

Showcase: National Campaign
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Clarity depends on contrast.
We often understand something better 

when we see it in comparison 
with something else 

than when we see it in isolation.

Clarity: Contrast = Understanding
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Clarity: ZERH Comparison Bars

Key:
DOE Zero Energy Ready Home

ENERGY STAR Certified Home
Existing Home
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Clarity: Transparency
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Clarity: Translating Value
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Clarity: Translating Value
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Front Cover Inside Spread Back CoverFlap

Lives Better Works Better Lasts Better

Clarity: Translating Value
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Clarity: Translating Value
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Front Cover Inside Spread Back CoverFlap

Lives Better Works Better Lasts Better

Call us at:
303-231-4567

ThriveHomes@net.com

Clarity: Translating Value
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Clarity: Translating Value
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“Our daughter couldn’t breathe  
without discomfort for years. 

Within two months of moving into 
our new Cobblestone home 

we threw away 
the inhaler. 
That was 

priceless!”
Charly and Mary Jones, 

Cobblestone Homeowner

Clarity: Translating Value
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Compare and Contrast

Clarity: Translating Value
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Smart vs. 
Dumb 

Cooling

Clarity: Translating Value
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Smart vs. 
Dumb 

Heating

Clarity: Translating Value
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Clarity: Translating Relative Value
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World’s Better than 
Best Window Co.

Ultra-Millenium 3000+
Vinyl Extruded, UltraCore Frame

Triple-Glazed * Krypton 90, Low-E
Product Type: Vertical Slider

Clarity: Relative Value Confusion
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Thermal Protection
Sun Protection

Natural Light
Draft Protection

Condensation Control

   

Thermal Protection
Sun Protection

Natural Light
Draft Protection

Condensation Control

   

10-Year Window 50-Year Window

World’s Better than 
Best Window Co.

Ultra-Millenium 3000+
Vinyl Extruded, UltraCore Frame

Triple-Glazed * Krypton 90, Low-E
Product Type: Vertical Slider

Clarity: Relative Value Translated



133 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov

2012

v3

2006

2009

2009 2012

v1 & v2

Clarity: Relative Value Confusion
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2009
5-Year Enclosure

10-Year Enclosure

50-Year Enclosure

100-Year Enclosure

Clarity: Relative Value Translated
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Zero Energy Ready Home Training

Zero Builders in Action
Builder 1
Builder 2
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Zero Energy Ready Home Training

Zero Specifications
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Multi-Family Dwelling Units
• < 5 Stories Above-Grade
• Individual HVAC
• Dwelling Units Occupy > 80% Occupiable SF
• Individual or Central DHW (no solar required)

Single-Family Detached

Single-Family Attached

DOE ZERH Eligible Building Types
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Zero Energy Ready Home Spec

Solar 
Ready 
System

Efficient 
Comps 
System

Advanced 
Enclosure

Indoor Air 
Quality 
System

Optimized   
Enclosure 

System

Optimized 
Comfort 
System

Water 
Protection 

System

Six Complete Systems for Risk Management
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IECC Climate Zones
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IECC Code Map

Source: Building Codes Assistance Project
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• Building-Science
Underpinning

• Variable vs. Fixed 
HERS Index Score

• House Size 
Adjustment

• Coordinated
Performance Path

Strategy: Align w/ENERGY STAR

v3

2006

2009

2009 2012

v1 & v2
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ZERH / ESfH Spec Alignment

1

2

3 Independent Verification 
(HERS)

Mandatory 
Requirements

Targeted ‘Must-Have’ 
Innovations

Performance 
Score

Ensure Efficiency
with Trade-Off Flexibility

Size Adjustment 
Factor

Ensure Carbon Footprint
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Mandatory Requirements

Encouraged:
• WaterSense Label (indoor and outdoor)
• Disaster Resistance (IBHS Fortified Home)
• Quality Management



144 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov

ZERH vs. ES Target Home Spec

Higher  Eff. 
HVAC 
Equip.

2012 vs. 
2009 IECC 
Insul. v3

Half ACH50

More Eff. 
Windows

ENERGY 
STAR vs. 
Min. WH

Both 2012 
IECC Insul. 

v3.1
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ZERH Average HERS Scores

45.0

50.0

55.0

60.0

65.0

70.0

1 2 3 4 5 6 7

H
ER

S 
In

de
x

Climate Zone

Average DOE Challenge Home HERS Index by Climate Zone
(Overall Average = 55.5)

Based on 1800, 2400, and 3600 ft 2 prototypes on climate-appropriate foundations.

Typical DOE ZERH-Compliant HERS Index by Climate Zone
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Size Adjustment Factor

Note: Renewable energy systems may not be used to 
qualify for the ZERH HERS Index Target Score, but 
may be used for the incremental HERS Index points 
needed for the Size Adjustment Factor. 

Homes larger than the benchmark home size must use the 
size adjustment factor to determine the target HERS index

Size Mod. Factor = [CFA Benchmark Home /CFA Home to Be Built] 0.25

[Not to Exceed 1.0]
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147

Specification Target Home Spec Design Home

Mandatory Items: ducts in 
conditioned space; 2012 IECC 
insulation; etc.

Meets all mandatory 
items; uses total UA to 
meet insulation reqmnt.

Windows U=0.40; SHGC=0.25 U=0.32; SHGC=0.24

Infiltration 3 ACH50 2.5 ACH50

Duct Leakage Total ≤ 8 CFM25 per 100 SF of 
CFA; Leakage to outdoors ≤ 4 
CFM25 per 100 SF of CFA

Total leakage ≤ 280 CFM25 
Leakage to outdoors ≤ 140 
CFM25 

Furnace AFUE 80 92

A/C SEER 18 16

Whole-House Mech. Vent. 75 cfm; 1.4 cfm/W; 75 cfm; 5.0 cfm/W

Water Heater ENERGY STAR Gas storage 0.67 EF

Target Home HERS Index 55; (52 with SAF)

HERS Index – Design Home 52 – COMPLIES!

Performance Path Example
CZ2 Prototype  - 4 BR, 3500 SF 
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Rating & Verifying Homes

• Same: ENERGY STAR Homes framework
• New: 

– Indoor airPLUS Checklist;
– Renewable Energy Ready Home Checklists (if req’d.)
– Hot Water Distribution test

• Submissions: 
Current: Send “DOE ZERH Verification Summary” 
electronically to zero@newportpartnersllc.com

Future: Automatically submitted as part of rating to 
RESNET National Homes Registry

mailto:doechallengehome@newportpartnersllc.com
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ZERH Technical Resources

• Technical Webinars
• Webinar Meetings
• Building America Solution Center (BASC)
• Building America Research Studies
• Leading Builder Round-Table Meetings

For Info: www.buildings.energy.gov/zero/
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Zero Energy Ready Home Training

Zero Specifications

Optimized Enclosure
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Zero Energy Ready Home Spec

+
2012 / 2015 IECC 

Envelope Insulation

ENERGY STAR Windows
=

Optimized  
Enclosure
System

Tighter Construction
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Optimized Enclosure is Part of 
Complete Building Science System

Heating, 
Cooling, &
Ventilation

System 

Thermal 
Enclosure 

System

Water
Management 

System

Building Science:
• Air Flow
• Thermal Flow
• Moisture Flow
• Vapor Flow
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Rate of Thermal Flow:
A well-insulated and air-sealed home, 

with good windows and doors, 
reduces the amount of energy needed 

to keep the home comfortable. 

Thermal Enclosure System
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Energy moves from more to less…
90oF - Outside

40
o
F

Coole

90
o
F

Cooler with Ice

Basic Concept
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Basic Concepts

105oF

105oF

72oF

Energy moves from more to less…
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Basic Concepts

30oF

30oF

70oF

Energy moves from more to less…
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1, 000 sq. ft. R-38 Attic 
U = .026

Drop-Down Stair = R-1
R-1, U = 1.0
10 sq. ft. = 1% of area

What Percent Loss in 
Attic R-Value?

Thermal Holes Are a Big Deal
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U1 x A1 + U2 x A2 + …
Total Area (A)                             

=

=

=

= .036 R-28

(.026 x 990) + (1 x 10)
1,000

=35.74
1,000

1% Hole Results in 
27% Lower R-Value
(R-28 vs. R-38)

Avg. U-value

Thermal Holes Are a Big Deal
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Assume 50o F temp 
difference at attic ceiling
Heat Flow = U x A x ∆T
Heat Flow without Hole 
=  .026 X 1,000 x 50  
=  1316 Btu/hr
Heat Flow with Hole 
=  .036 x 1,000 x 50  
=  1786 Btu/hr

33%+ >Heat Flow 
with 1% Hole

20O F

70O F

Thermal Holes Are a Big Deal
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Thermal Holes Are a Big Deal



161 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov

Thermal Holes Are a Big Deal
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Thermal Holes Are a Big Deal
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• Air-Tight Construction
• Complete Air Barriers

- Thermal Bypass
- Wind Intrusion

• Insulation System
- Next Code Quantity
- Proper Installation
- Minimum Thermal Bridging

• Advanced Windows

Optimized Enclosure System

Air and Thermal 
Flow Control
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Zero Energy Ready Home Training

Zero Specifications 
Optimized Enclosure

Air-Tight Construction
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• 16 to 50% of HVAC Loads
• Moisture Problems
• Comfort Problems
• Indoor Air Quality

165

Why Air-Tight Construction



166 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov

Target Home Air-Tightness

ACH50 Requirements/Targets

Climate 
Zones

Zero 
Energy 
Ready 
Home

ENERGY 
STAR V3 2012 IECC Passive

House

1-2 3.0 6.0 5. 0 0.6

3-4 2.5 5.0 3.0 0.6

5-7 2.0 4.0 3.0 0.6

8 1.5 3.0 3.0 0.6
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Penetrations:
• Plumbing
• Wiring
• Recessed Lights
• Vents
• HVAC Duct Boots

Cracks:
• Sill Plates
• Windows & Doors
• Drywall at Top Plate
• Access Panels
• Sheathing Joints
• Foundation/Framing

Shafts:
• Flues
• Ducts
• Plumbing

Odd Geometry:
• Cantilevers
• Knee-walls

Seal Usual Suspects
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What We’re Trying to Avoid

After 40 Min. 
Operation

Dryer Not 
Operating
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Alternative:
Constr. Adhesive

Alternative:
Sill sealer

Default:
Spray Foam

Drywall Sealed to Top Plate 
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Air Leakage Distribution

Sheathing / roof joint
1.1 cfm/ft @ 50 Pa

93%

6% 1%

Sheathing / top plates
Stud / top plates
Top plates

Exterior air barrier
Cathedral ceiling

Zones

DOE Zero Energy 
Ready Home IECC 2012

Requirement

Contribution 
to 

requirement 
(%)

Requirement Contribution to 
requirement (%)

1 – 2 3 17 5 10

3 – 4 2.5 20 3 17

5 – 7 2 25 3 17

8 1.5 33 3 17

2-Story house (Floor area = 2,000 ft2)
Sheathing / roof joint unsealed ≅ 0.5 ACH50
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Rectangular Electrical Box

- 1/8” to 1/4” perimeter gap 
- ~ 12 cfm @ 50 Pa
- Perimeter gap sealed 

- Somewhat effectively with one-component polyurethane foam
- Effectively with caulk

- Wire holes ≥ 50% of leakage
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Fasteners

Air leaked at nailed fasteners

Repeat test with screwed 
fasteners
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Air Leakage Contribution Estimates

(4) Elect. Outlets = 0.17 ACH50

(5) Lights = 0.29 ACH50

Exterior Sheathing/Foundation 
= 0.51 ACH50

Ext. Sheathing/Roof 
= 0.51 ACH50

Duct ≅ 0.22 ACH50

Exterior Air Barrier:
2-Story House (2,000 sq. ft.)

Air barrier

1. Sheathing/Foundation Joint Unsealed = 0.51
2. Sheathing/Roof Joint Unsealed = 0.51
3. (4) Electrical Outlets = 0.17
4. (5) Ceiling Lights = 0.29
5. Return Duct = 0.22

1.7 ACH50
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Sealing HVAC Ducts with Aeroseal
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Air Sealing Homes with Aerosol

Photos from wcec.ucdavis.edu
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Zero Energy Ready Home Training

Zero Specifications 
Optimized Enclosure

High-Perf. Insulation System
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• Complete Air Barriers
• Quality (Installation)
• Quantity (High-R)

– Walls
– Roof
– Foundation

178

High-Perf. Insulation System
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Changes Between the 2012 IECC and 2015 IECC

Change No Change

Prescriptive R-Value

U-Value Alternative

Total UA Alternative

Changes Between the 2012 IECC and 2015 IECC

Change No Change

Prescriptive R-Value

U-Value Alternative

Total UA Alternative

2012 & 2015 IECC Requirements

ONLY Change in U-Value is for Above-Grade Framed Walls

No Changes to Prescriptive R-Value Requirements
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Climate 
Zone

2012 U-Factor 
Equivalent Above-
Grade Frame Wall

(Table 402.1.3)

2015 U-Factor 
Equivalent  

Above-Grade 
Frame Wall

(Table 402.1.4)

Change
(% and Direction)

1 0.082 0.084 2% Decrease in 
Stringency 

2 0.082 0.084 2% Decrease in 
Stringency 

3 0.057 0.060 5% Decrease in 
Stringency 

4 except 
Marine 0.057 0.060 5% Decrease in 

Stringency 

5 and 
Marine 4 0.057 0.060 5% Decrease in 

Stringency 

6 0.048 0.045 6% Increase in 
Stringency 

7 and 8 0.048 0.045 6% Increase in 
Stringency 

Above-Grade Frame Wall U-Factors
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• No additional burden for most designs

• In Climate Zones 1 – 5, meeting 2015 
IECC via a whole-building UA tradeoff will 
be very slightly less stringent
– Required Frame Wall U-Factor is 2 to 5% less 

stringent
– Frame Walls might comprise ~ 20% – 40% of total 

shell area...

2015 IECC UA Impacts
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• Compliance with next generation code
• Three Options:
 Prescriptive
 Alternative equivalent U-factor 
 Total UA calculation 

[allows window to be included]
• Allowances for ceilings without attic spaces 

[up to 500 square feet or 20% of roof area, 
whichever is smaller]

2012 IECC Insulation
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CZ 2 CZ 3

Walls R-13
(rec. R13+5)

R-20 or R-13+5
(rec. R-13+5)

Ceiling R-38
Floor R-13 R-19

Basement R-0 R-5/13
Crawl Space R-0 R-5-13

Slab R-0 (rec. R-5 slab edge)

2012 IECC Insulation
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Void

Compression

Gap

Misalignment

Insulation Quality: Installation
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Insulation Quality: Thermal Bridging
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High-R Wall Options
(Climate Zones 6-8)

Risk Management  Issues

Thermal
Bridging

Condensatio
n Inside Wall 

Assembly

Bulk 
Moisture 
Control

Impact 
Resistance

Fire
Resistance

Pest 
Resistance

Structural
Support for 
Cladding

Installation 
Quality 
Control

Construction 
Practice

Compatibility

Insulated Framed
Cavity Wall
(Single or Double)

Insulated Framed
Cavity Wall with < 50%
Insulation Outboard

Framed Assembly 
with > 50% Insulation 
Outboard

Engineered Panel with
Outboard Insulation

Structural Insulated 
Panel (SIP) System

Exterior Insulated 
Concrete/Masonry 
Wall System

Interior Insulated 
Concrete/Masonry
Wall System

Insulated Concrete 
Core System

High-Perf. Insulation Guidance Tool
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Insulation 
Types

Framing 
Systems

Risk Man. 
Guidance
(by climate zone)

Condensation

Framing 
Materials

Bulk Moisture 

Impact Resistance

Fire Resistance

Pest Resistance

Attaching Cladding 

Installation Quality

Constructability

Risk 
Managed 
Insulated 
Framed 
Cavity 
Wall

Fibrous
Batt

Fibrous
Blown-in

Spray Foam
Open-Cell

Spray Foam
Closed-Cell

Flash and 
Blow/Batt

Structural 
Wood

Engineered 
Lumber

Steel 
Framing

Advanced 
Framing

TJI Studs

Double-Wall 
Framing

High-Perf. Insulation Guidance Tool
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Zero Energy Ready Home Training

Zero Specifications 
Optimized Enclosure System

Insulation System

Complete Air Barriers
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Walls
 Showers and Tubs
 Fireplaces
 Attic Knee Walls
 Skylight Shaft Walls
 Adjoining Porch Roof
 Staircase Exterior Walls
 Double Walls
 Rim/Band Joists
 Other Exterior Walls

Complete Air Barriers

Floors
 Floors Above Garage
 Cantilevered Floor
 Unconditioned Floor

(Basement/Crawl Sp.)

Ceilings
 Dropped Ceiling/

Soffit at 
Unconditioned Attic

 Other Ceilings
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No rigid backing on knee wall. Rigid backing installed prior to 
insulation.

Air Barrier Example: 
Attic Knee Wall
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No air barrier is present 
between garage and 
conditioned space.

Air barrier is present between 
garage and conditioned 
space.

Air Barrier Example: 
Garage Rim Joist
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No air barrier between porch 
attic and conditioned space.

Air barrier is installed prior to 
porch attic framing.

Air Barrier Example: 
Wall Adjoining Porch Roof
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Zero Energy Ready Home Training

Zero Specifications 
Optimized Enclosure

Insulation System

High-R Walls
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• Advanced Framing
– Thicker Wall
– Staggered Studs
– Double Wall

• Rigid Insulation Exterior Sheathing
– With Sheathing
– Without Sheathing
– With Extended Plate and Beam
– With Structural Engineered Panel

• Systems Building
– Structural Insulated Panels (SIPs)
– Insulated Concrete Forms (ICFs)
– Insulated Concrete Panels (ICPs)
– Precast Concrete

High-R Wall Options
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• R-17 – R-21 (U 0.052-0.060)
• Higher Framing Factor (~12-15%)
• Blanket Insulation Issues:

– R-19 is 6” Thick, Compressed is R-17
– R-21 is 5.5” Thick, Uncompressed is R-21

• Blown-In Insulation Issues:
– Settling 
– Proper Density (Bag Count)

• Spray Foam Issues:
– High Cost
– Closed Cell Enhances Structure Perf.
– Still Need to Ensure Quality installation 

Adv. Framing w/Thicker Walls
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• 2x6 plates with 2x4 
staggered studs at 
12”/24” o.c.

• Reduces thermal 
bridging by 80-90%

• Cost competitive with 
traditional 2x6 wall

• Need to ensure spacing 
between studs okay for 
deflection

Adv. Framing: Staggered Studs 
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• R-26 Walls (U ~ 0.034)

• Studs Offset or Separated for 
Complete Thermal Break

• Coldest Outside Sheathing 
Needs to Ensure Drying
– Vapor-open designs use higher-

perm sheathing such as plywood 
or exterior-grade gypsum board

– Modeling needed to assure 
moisture control

– Class I Vapor Retarder (e.g., air-
tight drywall)

• Same Framing Techniques 
Already Understood by Trades

Adv. Framing: Double-Wall 
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Getting to Class III Vapor Retarders
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Rigid Insulation w/Sheathing

How Much Rigid Insulation Thickness:

* Exempt from Class 1 Vapor Retarder; Class III okay  
(e.g., Latex Paint)

Source: IRC 2007 Supplement, Table N1102.5.1

Climate Zone Min. R-Value Foam Sheathing
2x4 Walls 2x6 Walls

1-4 Except Marine Any Any
Marine 4 R-2.5 R-3.75 
Zone 5* R-5 R-7.5
Zone 6* R-7.5 R-11.5

Zone 7 and 8* R-10 R-15
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• R-18 Wall (U 0.054)
• Complete Thermal Break
• Condensation Surface Outboard 

Structure 
• Can Combine Sheathing w/ Weather 

Resistant Barrier
• Installation Issues:

< 1.5” Thick, Nails Okay
> 1.5” Thick, Screws Needed

Rigid Insulation w/Sheathing
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• R-17-R-28 Wall
• Complete Thermal Break
• Enhanced Racking Strength and 

Impact Resistance with CCSpf
Enables No Sheathing

• Rigid Insulation Sheathing serves as 
Weather Resistant Barrier w/Liquid 
Membrane at Joints and Pan Flashing

• Class III Vapor Barrier (Latex Paint)
• Substantially Reduced Framing 

including Single Plates
• Engineered Stamped System
• Cost Competitive

Rigid Insulation w/o Sheathing
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• R-18 Wall
• 2x4 Studs with 2x6 Plates
• Sheathing Attached to Plates for Near 

Full Racking Strength
• Complete Thermal Break Except for 

Top and Bottom Plates
• Condensation Surface Inside 

Assembly, so Must Control Air Flow
• Cladding Attachment Simplified if 

Permissible to Nail to Sheathing

Rigid Insulation w/Extended Plate
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• Innovative & Affordable
• Based on the perfect 

wall, using a “studless” 
structural engineered 
panel

• Single water, air, and 
vapor control layer

• Recent experience has 
demonstrated it can be 
built for less than a 
standard wood-frame 
wall system

Rigid Insulation w/Engineered Panel
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University of 
Minnesota - Cold 

EDC - 2012 204University of Minnesota - Cold Climate HousingREEBM 2010 204

Step 1: Build the entire structure including 
foundation, floor systems, walls, and roof

Rigid Insulation w/Engineered Panel
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University of 
Minnesota - Cold 

EDC - 2012 205University of Minnesota - Cold Climate HousingREEBM 2010 205

Step 2: Wrap the entire envelope with a 
“peel & stick” membrane integrated with 

openings / penetration

Rigid Insulation w/Engineered Panel
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University of 
Minnesota - Cold 

EDC - 2012 206University of Minnesota - Cold Climate HousingREEBM 2010 206

Step 3: Add rigid foam insulation 
2 to 3” on foundation
3 to 4” on walls
6 to 8” on the roof

Rigid Insulation w/Engineered Panel
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University of 
Minnesota - Cold 

EDC - 2012 207University of Minnesota - Cold Climate HousingREEBM 2010 207

Step 4: Add furring strips, overhangs, etc.

Rigid Insulation w/Engineered Panel



208 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov
University of 
Minnesota - Cold 

EDC - 2012 208University of Minnesota - Cold Climate HousingREEBM 2010 208

Step 5: Install trim; siding; roof sheathing 
and roofing

Rigid Insulation w/Engineered Panel
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Rigid Insulation w/Engineered Panel
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University of 
Minnesota - Cold 

EDC - 2012 210University of Minnesota - Cold Climate HousingREEBM 2010 210

Rigid Insulation w/Engineered Panel
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University of 
Minnesota - Cold 

EDC - 2012 211University of Minnesota - Cold Climate HousingREEBM 2010 211

Rigid Insulation w/Engineered Panel
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Rigid Insulation w/Engineered Panel
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• R-26 Walls (6”) (U 0.034)
• Substantial Thermal Break 

(3 – 8% Framing Factor)
• Special Construction Practices 

Required
• Foundation has to be Perfectly 

Level
• Significantly Reduced Time-of-

Construction
• Reduced Dimensional Variation 

Corrections
• Killer Applications

Structural Insulated Panels (SIPs)
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Insulated Concrete Forms (ICFs)

• ~R-24 Walls (U 0.038)
• Complete Thermal Break 
• Useful Thermal Mass
• Foundation has to be 

Perfectly Level
• Longer Time-of-

Construction
• Maximum Disaster Resist.
• Termite Resistant
• Reduced Dimensional 

Variation Corrections
• Much More Costly
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Insulated Concrete Panels (ICPs)

• ~R-24 Walls (U 0.038)
• Complete Thermal Break 
• Useful Thermal Mass
• Foundation has to be 

Perfectly Level
• Significantly Reduced 

Time-of- Construction
• Maximum Disaster Resist.
• Termite Resistant
• Reduced Dimensional 

Variation Corrections
• Cost Competitive
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Horizontal 
Rebar 
Added

Top C-
Channels 
Inserted

Concrete 
Poured

3 4 5 Poured 
Concrete 
Inside 
Panel

6Panels 
Inserted into 
Base Track 

2Panels 
As
Delivered

1

ICP Installation Steps
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Zero Energy Ready Home Training

Zero Specifications 
Optimized Enclosure System

Insulation System

High-R Foundation
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Outdoor
23o F

Indoor
68o F

Outdoor
23o F

Indoor
68o F

Uninsulated Slab Insulated Slab

Concrete Perimeter Insulation

High-R Foundation
Why Slab Insulation Important
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High-R Foundation:

Slab Edge Insulation Options
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Spray foam seal at any 
exterior penetrations 

Spray foam at the seal plate to 
foundation wall transition

Lap 6-mil poly up the crawlspace 
wall to 4’’ below the top

6-mil poly up the sump pit

Passive return cut into floor

Overlap 6-mil poly at least 12”

6-mill poly over crawlspace floor 
with construction tape at the seams

Provide a HVAC supply duct and 
register to deliver conditioned air to the 
crawlspace

Seal 6-mil poly to floor drain

Rigid insulation (2012 IECC min.) in cavity 
at the band joist sealed with spray foam

Rigid insulation (2012 IECC min.) along the foundation 
wall leaving room for a 3” termite reveal if required

High-R Foundation:
Unvented Crawlspace
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•Flood Zone Areas
•Raised Pier Foundation with No Walls
•Dry Climates per 2009 IECC
•Marine Climates per 2009 IECC Where 
No Air Handler or Return Ducts

Note: Vented crawl space will have floor 
insulation per 2012 IECC installed to 
RESNET Grade 1

High-R Foundation:
Unvented Crawlspace Exemptions
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Zero Energy Ready Home Training

Zero Specifications 
Optimized Enclosure

Insulation System

High-R Roof
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High-R Roof Insulation at Flat
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High-R Roof Insulation at Slope 

5.1  AIR-IMPERMEABLE:  In direct contact with the 
underside of the sheathing

Building Science Corporation

What 
R-value?
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Insulation for Condensation Control

Minimum R-value of Impermeable Insulation
Climate Zone Minimum Impermeable 

Insulation R-Value*
2012 IECC  Ceiling 

R-Values

2B and 3B Tile Roof None Required 30

1, 2A, 2B, 3A, 3B, 3C R-5 38

4C R-10 38

4A, 4B R-15 49

5 R-20 49

6 R-25 49

7 R-30 49

8 R-35 49

*contributes but doesn’t supersede 2012 IECC insulation requirements
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Top Insulated Roof Deck
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Why Two Layers Rigid Foam
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Guidance for Dense Pack Roof
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Zero Energy Ready Home Training

Zero Specifications 
Optimized Enclosure

Advanced Windows
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• Assures beyond-code 
window performance 

• Fenestration used for 
passive solar design are 
exempt from the 
U-factor and SHGC 
requirements

• Area-weighted averages 
for U-factor, SHGC 
permitted

ENERGY STAR Windows
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Hot Climates
IECC CZ 1-2

Mixed Climates
IECC CZ 3-4 

except Marine

Cold Climates
IECC CZ 5-8 
and 4 Marine

U-value SHGC U-value SHGC U-value SHGC

Mandatory:
ENERGY 

STAR 0.40 0.25 0.30 [4] 0.40
[3] 0.25

0.27
0.28
0.29
0.30

Any
≥0.32
≥0.37
≥0.42

Performance:
Target 
Home

0.40 0.25 0.30 0.25 0.27 Any

Encouraged:
High-R -- -- 0.21 0.25 0.18 -

0.21 Any

Good, Better, Best Windows
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Window
15% of

Wall Area
Wall R-Value with Windows
w/Varied Wall Insulation Levels

U-Value R-0 R-18 R-39 R-60
0.30 R-5 R-11 R-15 R-17

0.20 R-5 R-13 R-19 R-23

0.15 R-5 R-14.5 R-23 R-28

0.10 R-5.5 R-16 R-27 R-34

* In Cold Climates
• Sources: 

“Holes in the Wall: To Improve the Energy Performance of Walls, Look at the Total R-
Value,” Journal of Light Construction, February  2014; 
Multi-Assembly R-Value / U-Value Calculator – Cascadia Windows and Doors;
Michael Blasnik Presentation, 2014 ACI Conference

Why Go Beyond ENERGY STAR*
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The Biggest Thermal Hole….
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Zero Energy Ready Home Training

Zero Specifications 

Water Protection
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Zero Energy Ready Home Spec

+
• Sump Pumps
• Flooring

Materials
• Sub-Slab 

Aggregate

Water 
Protection 

System

=
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Bulk Moisture Control Concept
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• Weather Resistant Barriers
• Flashing
• Capillary Breaks

Water 
Management

Bulk Moisture Control
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Missing step & kick-out flashing

What We’re Trying to Avoid
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Step & Kick-Out Flashing
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Zero Energy Ready Home Training

Zero Specifications 

Ensured Comfort
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Zero Energy Ready Home Spec

+
• Optimized Duct 

Location
• RH Control In 

Hot/Humid Climates 
=

Optimized   
Comfort 
System
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• Quality HVAC Installation:
– High efficiency
– Properly designed and installed
– Combined with a duct system that’s 

insulated, sealed, and balanced
… Maintain comfort with less energy. 

• Ducts in Conditioned Space:

Optimized Comfort System
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Zero Energy Ready Home Training

Zero Specifications
Ensured Comfort

Quality HVAC Installation
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90°F - Outside

40°F

Coole

90°F

Cooler with Ice

Basic Concept

Energy moves from more to less.
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Energy moves from more to less.

70oF

Basic Concept

95oF

95oF
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btu’sbtu’s

Calculating Heating & Cooling Load

• Cooling Load varies for each hour of the year.
• Cooling Peak Load: Maximum energy added in a single hour, 

and must be removed to maintain temperature and humidity.
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• Cooling & heating equipment are “btu machines” 
that add or remove btu’s to offset the load 

• Load = number of btu’s equipment has to remove or add 
• Load independent of type of equipment used 

68°F70°F

Furnace Boiler HP

Calculating Heating & Cooling Load
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Heating and cooling equipment generally two modes – on & off.

Equipment < Load Equipment > Load

Select Equipment That Meets Loads
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Which boat would you want -
the one with the 
small pump or 
the big pump?

What We’re Trying to Avoid
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Verify that the equipment capacity 
is right-sized relative to 

the heating and cooling load.

HVAC-C (3.12); HVAC-R (1.2.9)
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1. Air follows the path of least resistance.

Room A Room B

Equal resistance, 
equal flow

Room A Room B

Higher resistance, 
less flow

Duct System Design
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Factors that influence the airflow of the ducts:

Duct Turns

Duct 
Diameter

Duct Length

• Duct Length
• Duct Size
• Duct Shape

• Duct Type
• Duct Turns
• Other Components (e.g., Filters)

Duct Shape

Duct System Design

Duct Type



261 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov

What We Are Trying to Avoid
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Verify that the ducts are 
balanced, insulated, tight, and 
installed without major defects.

HVAC-R Item 1.4, Sections 2,3, & 4
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Design:
1. Calculate Heating/Cooling Loads
2. Select Equipment that Meets Loads
3. Design Duct System that Gets Air 

from Equipment to Rooms and Back

Commission:
A. Check Airflow at Air Handler
B. Check Refrigerant Charge
C. Measure Airflow at Registers/Exhaust

Basic Concepts HVAC QI

HVAC QI
Contractor
Checklist

Rater
Field

Checklist



264 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov

Zero Energy Ready Home Training

Zero Specifications
Ensured Comfort

Ducts in Conditioned Space
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• Significant Thermal Losses:
– Thermal losses triple for ducts in unconditioned  

vs. conditioned space
– Total thermal losses can range from 10-45%
– Extensive unconditioned space penetrations

• Significant Performance Impacts:
– IAQ
– Comfort
– Durability 

Why Ducts in Conditioned Space?
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• Short Duct Run 
up to 10’ of total length is permitted to be outside of 
the home’s thermal and air barrier boundary.  

• Jump Ducts 
may be located in attics if all joints, including boot-to-
drywall, are fully air sealed with mastic

• Ductless HVAC system 

Ducts in Condit. Space Exemptions
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Ducts in Conditioned Space

Ducts in unvented attic

Ducts in Dropped Ceiling Ducts in Modified Attic Truss

Ducts in Unvented Attic

Ducts Between Floors

Ducts in Unvented 
Crawl Space/Basement

Ducts in Vented Attic
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Ducts in Conditioned Floor Space Option 1:
Dropped Ceiling

Issues:
• Architectural Integration
• Good Fit w/Simple Plans 
• Longer Throws 

(ACCA Man T)
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Ducts in Conditioned Floor Space Option 2:
Modified Attic Truss 

Issues:
• Design Integration
• Good Fit w/Narrow Plans
• Sealed Air Barrier Critical
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Ducts in Conditioned Floor Space Option 3:
Ducts Between Floors

Issues:
• Simple Installation
• Design Flexibility
• Cost-Effective
• Floor Registers Likely
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Ducts in Conditioned Floor Space Option 3:
Ducts Between Floors
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Unvented Crawl Space/Basement

Issues:
• Simple Installation
• Design Flexibility
• Cost-Effective
• Floor Registers Likely

Ducts in unvented crawl space
or basement

Ducts Inside

Ducts Outside
Picture Source: Construction Instruction
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Ducts in Unvented Attic

Ducts in unvented attic

Issues:
• CZ 5+, air impermeable 

plus a Class II VR or Class 
III VR in direct contact

• No Class I VR on attic floor
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• Enhanced Performance:
– Ducts and air handler in conditioned space
– Enable fire sprinklers that don’t undermine the thermal 

and air control layer

• Cost Savings:
– Eliminate ~dozen thermal bypass air barrier details
– Additional storage, especially in slab-on-grade homes
– Eliminate need for soffit and roof vents
– Enabling single- rather than dual-zone HVAC systems by 

eliminating the egregious attic interface

Ducts in Unvented Attic Benefits
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Ducts in Vented Attic: Dry CZs

Buried Ducts 
(~R-21) 

Issues:
• R-8 duct insulation min.
• Ductwork buried min. 3.5” 

blown-in insulation
• Total duct leakage ≤ 3 

CFM25 per 100 ft2 CFA
• Air Handler must be 

inside conditioned space Truss Lower Chord

Blown-in 
Insulation R-8

Duct
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Ducts in Vented Attic: Humid CZs

Issues:
• R-8 duct insulation min.
• 1.5” minimum of ccSPF

encapsulating ducts 
• Ductwork buried min. 2” 

blown-in insulation
• Total duct leakage ≤ 3 

CFM25 per 100 ft2 CFA
• Air Handler must be inside 

conditioned space

Buried Encapsulated 
Ducts (BEDs) (~R-25) 

Truss Lower Chord

Blown-in 
Insulation

Closed-Cell 
Foam

R-8
Duct
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Buried Encapsulated Duct (BED)

Ducts buried under 
loose-fill insulation

R-8 ducts encapsulated 
in 1.5” ccSPF

R-8 flex duct encapsulated 
in 1.5” ccSPF

Duct boot connection 
encapsulated in 1.5” ccSPF

Drywall ceiling

Truss lower chords
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Zero Energy Ready Home Training

Zero Specifications

Indoor Air Quality
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Zero Energy Ready Home Spec

+
• Radon Resistant
• Low Emission 

Materials
• Combustion 

Safety
• High MERV Filter

Indoor Air 
Quality

=
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Why IAQ is NOT A La Carte?

• 2000 SF Home
• 8.5’ Ceilings
• 3 ACH50 Air Tightness
• 200 cfm Exhaust  

(e.g. dryer, range hood)

- 5 Pa depressurization
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Practices & Product Selection 
That Limit: 

• Moisture 
• Radon
• Chemicals 
• Combustion By-Products
• Biological Contaminants

Indoor Air Quality as a System

• Source Control

• Dilution

• Filtration

HVAC 
Quality Installation

System
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Source Control: Moisture
Moisture Control System

• Moisture Vapor:
– Air Sealing
– Air Barriers
– Vapor Barriers/Retarders

• Bulk Moisture:
– Water-Managed Roofs
– Water-Managed Walls/Openings
– Water Manage Foundation/Site
– Water Managed Materials

• Internal Moisture Control:
– HVAC Quality Installation
– Whole-House Ventilation
– Sport Ventilation
– Dehumidification [Warm-Humid Climates] 

Water 
Managed

Construction

Thermal 
Enclosure
System

HVAC System
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Warm-Humid

Source Control: Moisture
Dehumidification in Warm-Humid CZs



284 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov

Equipment with sufficient latent capacity to 
maintain indoor relative humidity (RH) ≤ 60%:

• Additional dehumidification system(s), OR
• A central HVAC system equipped with 

additional controls to operate in 
dehumidification mode.

Source Control: Moisture
Dehumidification in Warm-Humid CZs

Dust mites in the billions 
at 60% RH or higher
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Note: these maps indicate 
average risk by county.   
However, High levels of Radon 
can be found in any home.

Surgeon General’s Warning:
Radon Causes Lung Cancer

Source Control: Radon
Radon Zones in U.S.
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Required for Moisture Control:
A. Gas Permeable Layer

(min. 4” clean gravel)

B. Plastic Sheeting
(under slab)

C. Sealing and Caulking
(all openings in concrete floor)

D. Vent Pipe
(3 or 4 inch PVC pipe)

E. Junction Box
(if fan needed later)

Source Control: Radon
Radon Resistant Construction

Radon Test Kits Not Required
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Source Control: Biological Contaminants
Pests
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Source Control: Biological Contaminants
Screened Openings for Pests

Corrosion-proof rodent/bird screens for openings
(e.g., copper or stainless steel mesh) 

Exception: clothes dryer vent

http://cts.vresp.com/c/?HeyokaSolutions/10fcfaffdc/6a62a8e364/326c2da697/utm_content=rashkin.sam@epa.gov&utm_source=VerticalResponse&utm_medium=Email&utm_term=&utm_campaign=Ventilation%20News%20and%20Views%20January,%202011
http://cts.vresp.com/c/?HeyokaSolutions/10fcfaffdc/6a62a8e364/326c2da697/utm_content=rashkin.sam@epa.gov&utm_source=VerticalResponse&utm_medium=Email&utm_term=&utm_campaign=Ventilation%20News%20and%20Views%20January,%202011
http://www.wildlifecontrolsupplies.com/Merchant2/merchant.mvc?Screen=CTGY&Store_Code=WDC001&Category_Code=WDCRVG
http://www.wildlifecontrolsupplies.com/Merchant2/merchant.mvc?Screen=CTGY&Store_Code=WDC001&Category_Code=WDCRVG
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Air Sealing

Source Control: Biological Contaminants/Moisture
Foundation Sealing

Sealed Sump Pump
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Source Control: Combustion By-Products
Power/Direct Vent Equipment

 
Direct-Vent FurnacePower Vented Water Heater
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Source Control: Combustion By-Products
Certified Fireplaces & Stoves

• Vented to outdoors
• Adequate Combustion and 

Ventilation Air
• Gas fireplace power or 

direct vented
• Meet Specified Standards
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Source Control: Combustion By-Products
Certified CO Alarms

CO Alarm

Enforceable policy in
Multi-family buildings

Combined CO 
& Smoke Alarm

CO Alarm in each bedroom area
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Exhaust Fan
Optional

Air Sealing & Gasketed Door

Source Control: Combustion By-Products
Attached Garage Isolation
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Source Control: Combustion By-Products
Attached Garage Isolation

Picture Source: Construction Instruction

No Air Handler in 
the Garage
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Source Control: Chemicals
Low Formaldehyde Pressed Wood

MDF & Particleboard

http://images.google.com/imgres?imgurl=http://www.germes-online.com/direct/dbimage/50333644/Particle_Board.jpg&imgrefurl=http://www.germes-online.com/catalog/13/668/263129/sell_particle_board.html&h=360&w=360&sz=37&hl=en&start=1&um=1&usg=__4k29J05_QGeb89HZnmblKbhTgzY=&tbnid=q50ws8_Ig-LWBM:&tbnh=121&tbnw=121&prev=/images?q=particle+board&um=1&hl=en&rlz=1T4GZHY_enUS249US250
http://images.google.com/imgres?imgurl=http://www.germes-online.com/direct/dbimage/50333644/Particle_Board.jpg&imgrefurl=http://www.germes-online.com/catalog/13/668/263129/sell_particle_board.html&h=360&w=360&sz=37&hl=en&start=1&um=1&usg=__4k29J05_QGeb89HZnmblKbhTgzY=&tbnid=q50ws8_Ig-LWBM:&tbnh=121&tbnw=121&prev=/images?q=particle+board&um=1&hl=en&rlz=1T4GZHY_enUS249US250
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Source Control: Chemicals
Low Formaldehyde Cabinets

• Visit www.kcma.org
• Follow Industry Professional link to 

Environmental Stewardship Program

http://www.kcma.org/
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Source Control: Chemicals
Why Low VOC 
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Interior paints and finishes, 
including 90% or more of such 
products applied to interior 
surfaces of homes, shall be 
certified low-VOC or no-VOC 
by one of the following: 

• Green Seal Standard GS-11, OR 
• Greenguard Certification for Paints and Coatings, OR 
• Scientific Certification Systems (SCS) Standard EC-

10.2-2007, Indoor Advantage Gold, OR 
• Master Painters Institute (MPI) Green Performance 

Standards GPS-1 or GPS-2, OR 
• A third-party low-emitting product list based on CA 

Section 01350, e.g., the CHPS List at 
chps.net/manual/lem_table.htm.

Source Control: Chemicals
Low VOC Paints
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Carpets and carpet 
adhesives shall be labeled 
with, or otherwise 
documented as meeting, 
the Carpet & Rug Institute 
(CRI) Green Label Plus or 
Green Label testing 
program criteria. Carpet 
cushion (i.e., padding) shall 
similarly be certified to meet 
the CRI Green Label testing 
program criteria. 

Source Control: Chemicals
Low VOC Carpet, Padding, Adhesives
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• Low emission materials 
and products are rapidly 
evolving, gaining market 
share & recognition

• Standards, labels, 
certification agencies can 
be challenging to navigate

• To help partners identify 
sources and spec products, 
a new IAP resources is 
available:

Source Control: Chemicals
Identifying Low-Emission Solutions

How to Find Indoor airPLUS 
Compliant Low-Emission Products 
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Dilution:
Whole-House Ventilation

Three Options:
• Exhaust-Only
• Supply-Only
• Balanced

ASHRAE 62.2 2010 Continuous Ventilation Rate:
[7.5 cfm * (# bedrooms + 1)] + [.01 x Sq. Ft.]

2,000 sq. ft., 3 Bedroom Home Example:
[7.5 * (3+1)] + [.01 * 2,000] = [30 + 20] = 50 cfm
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• WHMV Fan Efficiency
• For an example home of 4 BR and 2500 SF in CZ5:

• Qfan = 0.01*Afloor + 7.5(Nbr + 1) 
• = 0.01*(2500) + 7.5*(5) = 63 cfm

• 63 cfm / (1.2 cfm/W) = 53 Watts BALANCED w/ 60% SRE

Meeting WHMV Requirements

CZ 1-2 CZ 3, 4 
(except Marine)

CZ 4 Marine, 
5-8

2.8 cfm/W 2.8 cfm/W 1.2 cfm/W
No heat 

exchange
No heat 

exchange
HX with 60% 

SRE
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Dilution: Whole-House Ventilation
Exhaust-Only Ventilation
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Dilution: Whole-House Ventilation
Supply-Only Ventilation
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ERV or HRV

Dilution: Whole-House Ventilation
Balanced Ventilation
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Dilution: Whole-House Ventilation
Low-Cost Balanced Ventilation
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Simple Thru-Wall ERV
• 90+% Heat Recovery
• 20-30% Humidity 

Recovery
• 1.4 – 2.8 W for 

10/18/22 CFM

Dilution: Whole-House Ventilation
Balanced Ventilation for Small Units
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Dilution: Whole-House Ventilation
Ventilation Challenge: Persistence



309 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov

Dilution:
Spot Ventilation

• Kitchen:
– 100 CFM Intermittent
– 5 ACH Continuous

• Bathrooms: 
– 50 CFM Intermittent
– 20 CFM Continuous



310 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov

8 MERV Filter Minimum

Filtration:
High-MERV HVAC Filter
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Verifying Homes – Indoor airPLUS

• 1-page checklist
• Builder or Rater may verify 
• Permissible methods:

– Visual verification on site during construction

– Reviewing photos taken during construction

– Checking documentation

– Equivalent methods as appropriate

• Sampling permitted per RESNET protocol
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Zero Energy Ready Home Training

Zero Specifications

Efficient Components
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Zero Energy Ready Home Spec

+
Efficient:
• Lighting
• Hot Water 

Distribution
• Equipment*

ENERGY STAR:
• Appliances
• Exhaust Fans
• Ceiling Fans
• Water Heating*

Efficient
Comps

=+

* Target only
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Components and MEL’s are increasingly 
larger part of total energy use in low-Load 
homes (~50%). 

Efficient Components
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Zero Energy Ready Home requires:
• ENERGY STAR Certified Appliances:* 

refrigerators, dishwashers, clothes washers
• ENERGY STAR Certified Fans*:

bathroom ventilation, ceiling fans
• ENERGY STAR Certified Lighting:

Min. 80% of fixtures or lamps (CFL or LED)
• WaterSense Hot Water Distribution
*Only where installed by builder

Efficient Components
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Zero Energy Ready Home Target Home also 
specifies ENERGY STAR Water Heating:

Efficient Components

Water Heater Type
Target Home

Water Heater’s
Energy Factor

Gas/Propane ≤ 55 gallons EF = 0.67
Gas/Propane > 55 gallons EF = 0.77

Electric Systems EF = 2.0
Heating Oil EF = 0.60
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Zero Energy Ready Home Target Home also 
specifies High-Efficiency Space Conditioning:

Efficient Components

HVAC
Equipment 

Target Home Efficiency
Hot 

Climates
(IECC Zones 

1,2)

Mixed 
Climates
(IECC Zones 
3, 4 except 

Marine)

Cold 
Climates
(IECC Zones 

4 Marine, 
5, 6, 7, 8)

AFUE 80% 90% 94%
SEER 18 15 13
HPSF 8.2 9 10

Geo Heat Pump ENERGY STAR EER/COP
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• Indoor Fixtures
- Plumbing Fixtures
- Appliances and Other Equipment 

• Distribution
- Service Pressure
- Metering (for Multi-Family Homes)
- Leak Prevention
- Hot Water Distribution

• Outdoor
- Landscape Design
- Irrigation (if installed)

Water Efficient System Context
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• “Must Have” for zero net-energy ready homes
• Based on EPA WaterSense Specifications:

– No more than 0.5 gallons of water in any 
piping/manifold between the hot water source and any 
hot water fixture.  

– No more than 0.6 gallons of water shall be collected 
from the hot water fixture before hot water delivered.  

– Timer- and temperature-based recirculating systems 
shall not be used to meet the criteria. 

Efficient Hot Water Distribution
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Copper L piping:
• 1” = 5.53 ounces/ft
• ¾” = 3.22 ounces/ft
• ½” = 1.55 ounces/ft

Built for when water was free and energy was cheap!

Hot Water Distribution

Example:
30’ trunk
10’ branch
5’ twig
2 GPM showerhead

Stored Volume: 
1.6 gallons

Wait Time: 1 – 1.5 
minutes
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Hot Water Distribution Options

• Core Plumbing Layout (wet wall)
• Manifold System
• Demand Pumping System



322 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov

Core Plumbing Layout
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Manifold Plumbing System

10’ Max
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Demand Pumping System

Sensor or ControlsSensor or ControlsSensor or Controls

Dedicated ReturnDemand Pump
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Verifying Hot Water Distribution

1. Initiate Operation: 
Turn on any occupant-controlled or occupancy sensor-based 
recirculation systems, if present. 

2. Container Placement:
Locate bucket or flow measuring bag pre-marked for 0.6 gallons 
under the hot water fixture. Only need to test fixture with greatest 
stored volume of hot water.  

3. Turn on Hot Water Over Digital Thermometer:
Record starting temperature.

4. Final Measurement:
When water reaches 0.6 gallons in container, record temperature 
again. A minimum increase of 10o F is required to pass the test. 
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Zero Energy Ready Home Training

Zero Specifications

Solar Ready Construction
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Zero Energy Ready Home Spec

DOE ZERH 
PV-Ready Checklist

Solar 
Ready

=+
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Solar Ready Applicability

Solar Ready Encouraged

E
nc

ou
ra

ge
d

R
eq

ui
re

d

Solar Ready Required
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Screen for RERH Applicability

• Renewable Energy Ready Checklists
• Determine applicability by zip code
• http://gisatnrel.nrel.gov/PVWatts_Viewer/index.html
• In this Mid-Atlantic example,  solar resources = 4.8 

kWh/m2/day

http://gisatnrel.nrel.gov/PVWatts_Viewer/index.html
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Not required in areas lacking access to 
significant solar resources:
• Tree Shading
• Tall Buildings
• Available South Facing Roof

Renewable Ready Allowances
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Solar Electric Ready Requirements

Dedicated Area 
for installing inverter and 
balance of system

Conduit to run DC 
wire from roof to inverter

Conduit to run AC wire 
from inverter location to
electric panel

Circuit Breaker 
designated and/or installed 
for use by the PV system in 
the electric panel

Documentation of the maximum allowable dead load and live 
load ratings of the existing roof (Rec DL.: 6 lbs./sq. ft.)
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PV Mounted on Roof PV Integrated into 
Front or Rear Porch Roof
Directly on Porch Framing

Integrated Renewable Energy
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PV Integrated into 
Front or Rear Porch Roof
Directly on Porch Framing

Benefits:
• Cost
• Appearance
• Maintenance
• Daylighting 

Integrated Renewable Energy
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Integrated Renewable Energy
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Integrated Renewable Energy
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Integrated Renewable Energy
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Integrated Renewable Energy

smartflower™ POP, made in Austria
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Verifying Homes – RERH

• RERH checklist for DOE ZERH Home
- builder or rater may verify
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Zero Energy Ready Home Training

Zero Specifications

Summary
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IECC
2012

ENERGY 
STAR v3

ENERGY 
STAR v3.1 ZERH PHIUS+IECC

2009

HERS 
70-80

HERS 
65-75

HERS
55-65

HERS 
48-55

HERS
35-45

HERS 
85-90

IECC 2012 
Enclosure

IECC 2009 
Enclosure

IECC 2012
Enclosure

IECC 2012/15
Encl./ES Win.

Ultra-Efficient 
Enclosure

IECC 2009 
Enclosure

Independent 
Verification

Independent 
Verification

Independent 
Verification

Independent 
Verification

Water 
Management

Water 
Management

Water 
Management

Water 
Management

HVAC QI with 
WHV

HVAC QI with 
WHV

HVAC QI with 
WHV

HVAC QI + 
HRV

Ducts in 
Condit. Space

Ducts in 
Condit. Space

EPA Indoor 
Air Package

EPA Indoor 
Air Package

Eff. Comps.& 
H2O Distrib.

Eff. Comps.& 
H2O Distrib.

Solar Ready Solar Ready

Stepping up to ZERH Summary…
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Zero Energy Ready Home Training

Zero Recognition
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Pent-up ZERH Demand
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ZERH Resources: Marketing

• Branding [Logos, Home Certificates, Labels]
• ‘Tour of Zero’/National Campaign
• Sales Training Webinar
• Customizable Point-of-Sale Fact Sheet
• Customizable Homebuyer Brochures
• Customizable Homeowner Manual
• Building Science Translator Sales Tool (BASC)
• Drop-in DOE Messaging
• Trade-Partner Recognition Form
• Leading Builder Round-Table Meetings
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ZERH Resources: Recognition

• DOE ‘Tour of Zero’
• DOE Housing Innovation  Awards
• Press Release Templates for Award Winners
• Web Site Locator Tool
• Home Builder Profiles
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Why Trusted Labels Important

Nearly 1 in 3 consumers indicated they 

do not trust 
home building and real estate companies.

Source: The business of Trust – The Most Trusted Builders in America, 
Lifestory Research, January 2013
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Lots of Recognition Choices…
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• Rater Prints 
Certificate
directly from rating 
software

• Certificate 
Includes:
– Rating Details
– Graphic HERS Index
– Optional Programs

Recognition with Certificate
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Recognition with ZERH ‘Brand’

Independent Voice of Authority  vs. “Trust me.”
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Recognition with ZERH Locator

Links Buyers to Leading Edge Builders:
• Contact Information
• Optional Commitments:
• # Labeled Homes
• Website link

For All Active 
Partners
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Recognition with ZERH Locator
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Recognition with ZERH Locator
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Recognition with ‘Brand’
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Recognition with ‘Brands’
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Recognition with Clarity

303-231-4567
ThriveHomeBuilders@net.com
123 Main Street, Denver, CO  34567
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Front Cover Inside Spread Back CoverFlap

Lives Better Works Better Lasts Better

Recognition with Value Message

303-231-4567
ThriveHomeBuilders@net.com
123 Main Street, Denver, CO  34567
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Recognition with Power Words

303-231-4567
ThriveHomeBuilders@net.com
123 Main Street, Denver, CO  34567
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Recognition with Awards

Housing Innovation
Award
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Recognition with Awards

Michigan’s Most Respected Builder
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Recognition with Awards
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Recognition with Tour of Zero
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Recognition with Tour of Zero
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National Campaign:
Call to Action: 
Inspire American homebuyers 
and home owners to visit the 
future of housing available 
today with DOE Zero Energy 
Ready Certified Homes.

Campaign Partners:
• Manufacturers
• Associations
• NGO’s
• Financial Institutions

Recognition with Tour of Zero
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Recognition with ‘Voice of Authority’
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Recognition with ‘Voice of Authority’
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“Zero Energy Ready Homes are the future 
of U.S. housing, and innovators like New 
Town Builders are leading the way for the 
entire industry. Zero Energy Ready Homes 
can provide a vastly superior homeowner 
experience at a lower ownership cost – an 
experience all Americans should want in 
their next home.”
Sam Rashkin, Chief Architect for U.S. Department of Energy Building 
Technologies Office

Recognition with ‘Voice of Authority’
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Recognition After-Sale

Thrive Home Builders
303-231-4567
ThriveHomeBuilders@net.com
123 Main Street, Denver, CO  34567
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Recognition After-Sale
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Recognition After-Sale
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ZERH Partner Registration 

• Review
– Technical Guidelines
– Partnership Agreement Terms

• Register
– Electronically Sign Agreement

• Choose Optional Commitments:
100% of homes meet DOE Zero Energy Ready Home Guidelines

Homes meet EPA’s WaterSense Guidelines

Homes meet IBHS’s Fortified Home Guidelines

Meet DOE ZERH Home Quality Management Program
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• Take Orientation Training 
after registering and renew training every year

• Provide Certificate
for DOE Zero Energy Ready Home to each home owner

• Adhere to Brand Identity Guidelines
for proper use of the DOE Zero Energy Ready Home name and logo

• Build/Verify at Least One Home/Year
to maintain active partnership

To view the full Agreement terms and disclaimers, visit:
http://www1.eere.energy.gov/buildings/zero/

ZERH Partner Responsibilities

http://www1.eere.energy.gov/buildings/challenge/
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• Update Company Information;
• Add, Delete, and Edit Contacts; 
• Add/Update Your Logo;
• Add Commitments; and
• Access Key Tools and Resources 

ZERH Partner Account Maintenance
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Final Word
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“The earth is not inherited from our fathers
but borrowed from our children.”
Native Proverb
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“Who we are is what we leave behind.”
Subaru ‘Stop Waste’ Campaign
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Thank You

For More Information:
www.buildings.energy.gov/zero/

Email Contact:
zero@newportpartnersllc.com

Questions?
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Zero Energy Ready Home Training

Alternate Slides
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Specification Target Home Spec Design Home

Mandatory Items: ducts in 
conditioned space; 2012 IECC 
insulation; etc.

Meets all mandatory 
items; uses total UA to 
meet insulation reqmnt.

Windows U=0.40; SHGC=0.25 U=0.32; SHGC=0.24

Infiltration 3 ACH50 2.5 ACH50

Duct Leakage Total ≤ 8 CFM25 per 100 SF of 
CFA; Leakage to outdoors ≤ 4 
CFM25 per 100 SF of CFA

Total leakage ≤ 280 CFM25 
Leakage to outdoors ≤ 140 
CFM25 

Furnace AFUE 80 92

A/C SEER 18 16

Whole-House Mech. Vent. 75 cfm; 1.4 cfm/W; 75 cfm; 5.0 cfm/W

Water Heater ENERGY STAR Gas storage 0.67 EF

Target Home HERS Index 55; (52 with SAF)

HERS Index – Design Home 52 – COMPLIES!

Performance Path Example
CZ2 Prototype  - 4 BR, 3500 SF 



378 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov

Performance Path Example
CZ4 Prototype  - 4 BR, 2400 SF 
Specification Target Home Spec Design Home

AGW Insulation R20 or R13+5 R21

Attic Insulation R49 (U=0.026) R50

Basement Walls R10/13 R10

Windows U=0.30; SHGC=0.27 U=0.30; SHGC=0.27

Infiltration 2.5 ACH50 3.0 ACH50

Ducts Total ≤ 8 CFM25 per 100 SF of CFA; 
Leakage to outdoors ≤ 4 CFM25 per 
100 SF of CFA

Total leakage 288 CFM25 
Leakage to outdoors 140 CFM25

Furnace AFUE 90 90

A/C SEER 15 15

Whole-House 
Mech. Vent.

77 cfm; 1.4cfm/W no heat 
exchange; 

77 cfm; 8.0 cfm/W exhaust-only

Water Heater ENERGY STAR Gas storage 0.67 EF

HERS Index 52 52 COMPLIES!
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Performance Path Example
CZ5 Prototype  - 4 BR, 2400 SF 
Specification Target Home Spec Design Home

AGW Insulation R20 or R13+5 R20

Attic Insulation R49 (U=0.026) R50

Basement Walls R15/19 R10

Windows U=0.27; SHGC=0.40 U=0.32; SHGC=0.30

Infiltration 2.0 ACH50 2.0 ACH50

Ducts Total ≤ 8 CFM25 per 100 SF of CFA; 
Leakage to outdoors ≤ 4 CFM25 per 
100 SF of CFA

Total leakage 288 CFM25 
In Conditioned Space w/ ½ ACH50 
(Req.’d by ENERGY STAR) – Exempt

Furnace AFUE 94 90

A/C SEER 13 13

Whole-House 
Mech. Vent.

77 cfm; 1.2cfm/W balanced; 77 cfm; 8.0 cfm/W exhaust-only

Water Heater ENERGY STAR Gas storage 0.67 EF

HERS Index 52 52 COMPLIES!
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Performance Path Example
CZ5 Prototype  - 4 BR, 2400 SF 
Specification Target Home Spec Design Home

AGW Insulation R20 or R13+5 R20

Attic Insulation R49 (U=0.026) R50

Basement Walls R15/19 R10

Windows U=0.27; SHGC=0.40 U=0.32; SHGC=0.30

Infiltration 2.0 ACH50 2.0 ACH50

Ducts Total ≤ 8 CFM25 per 100 SF of CFA; 
Leakage to outdoors ≤ 4 CFM25 per 
100 SF of CFA

Total leakage 288 CFM25 
In Conditioned Space w/ ½ ACH50 
(Req.’d by ENERGY STAR) – Exempt

Furnace AFUE 94 90

A/C SEER 13 13

Whole-House 
Mech. Vent.

77 cfm; 1.2cfm/W balanced; 77 cfm; 8.0 cfm/W exhaust-only

Water Heater ENERGY STAR Gas storage 0.67 EF

HERS Index 52 52 COMPLIES!
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Performance Path Example
CZ6 Prototype  - 4 BR, 2400 SF 
Specification Target Home Spec Design Home

AGW Insulation R20+5 or R13+10 21+5

Attic Insulation R49 (U=0.026) R50

Basement Walls R15/19 R10

Windows U=0.27; SHGC=0.40 U=0.32; SHGC=0.30

Infiltration 2.0 ACH50 2.5 ACH50

Ducts Total ≤ 8 CFM25 per 100 SF of CFA; 
Leakage to outdoors ≤ 4 CFM25 per 100 
SF of CFA

In Conditioned Space
Total leakage 316 CFM25 
Outdoors 120 CFM25

Furnace AFUE 94 95

A/C SEER 13 13

Whole-House Mech.
Vent.

77 cfm; 1.2cfm/W balanced; 77 cfm; 8.0 cfm/W 
exhaust-only

Water Heater ENERGY STAR Gas storage 0.67 EF

HERS Index 46 46 COMPLIES!
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Climate Zones 1 and 2:
Walls:  R-13 (R-13+5 recommended by CH)
Ceiling:  R-30 (CZ1); R-38 (CZ2)
Floor: R-13 (R-19 recommended by CH)
Basement:  R-0
Crawl Space: R-0
Slab:  R-0

2012 IECC Insulation
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Climate Zone 1:
Walls:  R-13 (R-13+5 recommended by CH)
Ceiling:  R-30
Floor: R-13 (R-19 recommended by CH)
Basement:  R-0
Crawl Space: R-0
Slab:  R-0

2012 IECC Insulation
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Climate Zone 2:
Walls:  R-13 (R-13+5 recommended by CH)
Ceiling:  R-38
Floor: R-13 (R-19 recommended by CH)
Basement:  R-0
Crawl Space: R-0
Slab:  R-0

2012 IECC Insulation
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Climate Zone 3:
Walls:  R-20 or R-13+5
Ceiling:  R-38
Floor: R-19
Basement:  R-5/13
Crawl Space: R-5/13
Slab:  R-0 (R-5 recommended by CH)

2012 IECC Insulation
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Climate Zone 2:
Walls:  R-13 
(R-13+5 Recommended)
Ceiling:  R-38
Floor: R-13
Basement:  R-0
Crawl Space: R-0
Slab: R-0

2012 IECC Insulation

Climate Zone 3:
Walls:  R-20 or R-13+5
(R-13+5 Recommended)
Ceiling:  R-38
Floor: R-19
Basement:  R-5/13
Crawl Space: R-5/13
Slab: R-0
(R-5 Recommended)
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Climate Zone 4:
Walls:  R-20 or R-13+5
Ceiling:  R-49
Floor: R-19
Basement:  R-10/13
Crawl Space: R-10/13
Slab:  R-10 for 2 ft. depth

2012 IECC Insulation
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CZ 2 CZ 4

Walls R-13
(rec. R13+5)

R-20 or R-13+5
(rec. R-13+5)

Ceiling R-38 R-49
Floor R-13 R-19

Basement R-0 R-10/13
Crawl Space R-0 R-10-13

Slab R-0
(rec. R-5 slab edge)

R-10 , 2’ Deep

2012 IECC Insulation
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Climate Zone 5:
Walls:  R-20 or R-13+5
Ceiling:  R-49
Floor: R-30
Basement:  R-15/19
Crawl Space: R-15/19
Slab:  R-10 for 2 ft. depth

2012 IECC Insulation
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CZ 2 CZ 3

Walls R-13
(rec. R13+5)

R-20 or R-13+5
(rec. R-13+5)

Ceiling R-38
Floor R-13 R-19

Basement R-0 R-5/13
Crawl Space R-0 R-5-13

Slab R-0 (rec. R-5 slab edge)

2012 IECC Insulation
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CZ 4 CZ 5

Walls R-20 or R-13+5

Ceiling R-49
Floor R-19 R-30

Basement R-10/13 R-15/19
Crawl Space R-10/13 R-15-19

Slab R-10 for 2’ Deep

2012 IECC Insulation
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CZ 5
IECC 2012

CZ 5
IECC 2012 RI

Walls R-20 or R-13+5

Ceiling R-49 R-38
Floor R-30

Basement R-15/19 R-13/10
Crawl Space R-15/19 R-13/10

Slab R-10/2 ft. Deep
Window U-0.32 U-0.35

2012 IECC Insulation
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CZ 5 CZ 6

Walls R-20 or 
R-13+5

R-20+5 or
R-13+10

Ceiling R-49
Floor R-30

Basement R-15/19
Crawl Space R-15/19

Slab R-10/2’ Deep R-10/4’ Deep

2012 IECC Insulation
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Climate Zone 6:
Walls:  R-20+5 or R-13+10
Ceiling:  R-49
Floor: R-30
Basement:  R-15/19
Crawl Space: R-15/19
Slab:  R-10 for 4 ft. depth

2012 IECC Insulation
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Climate Zone 7:
Walls:  R-20+5 or R-13+10
Ceiling:  R-49
Floor: R-38
Basement:  R-15/19
Crawl Space: R-15/19
Slab:  R-10 for 4 ft. depth

2012 IECC Insulation
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Climate Zone 5:
Walls:  R-20 or R-13+5
Ceiling:  R-49
Floor: R-30
Basement:  R-15/19
Crawl Space: R-15/19
Slab:  R-10 for 2 ft. depth

2012 IECC Insulation

Climate Zone 6:
Walls:  R-20+5 or R-13+10
Ceiling:  R-49
Floor: R-30
Basement:  R-15/19
Crawl Space: R-15/19
Slab: R-10 for 4 ft. depth
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Climate Zone 
6

Climate Zone 
7

Walls R-20+5 or R-13+10

Ceiling R-49
Floor R-30 R-38

Basement R-15/19
Crawl Space R-15/19

Slab R-10/4’ Deep

2012 IECC Insulation
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Zone 7:
R-20+5 or R-13+10
R-49
R-38
R-15/19
R-15/19
R-10 for 4 ft. depth

2012 IECC Insulation

Zone 6:
R-20+5 or R-13+10
R-49
R-30
R-15/19
R-15/19
R-10 for 4 ft. depth

Walls:
Ceiling:  

Floor:
Basement:  

Crawl Space:
Slab:



399 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov

CZ 5 CZ 6

Walls R-20 or 
R-13+5

R-20+5 or
R-13+10

Ceiling R-49
Floor R-30

Basement R-15/19
Crawl Space R-15/19

Slab R-10/2’ Deep R-10/4’ Deep

2012 IECC Insulation
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Ceiling, wall, floor, and slab insulation:
Exceed 2012 WA State Energy Code Levels
[Tables 402.1.1 and 402.1.3]

Wall U-Value:
< 0.043 
[e.g., R-21 wall insulation AND R-5 contin. foam]

High-R Insulation (Washington)
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Prescriptive Requirements

Climate 
Zone Fenestration Skylight 

U-Factor

Glazed 
Fenestration 

SHGC

Ceiling 
R-Value

Wood 
Frame Wall 

R-Value
1 NR 0.75 0.25 30 13
2 0.40 0.65 0.25 38 13
3 0.35 0.55 0.25 38 20 or 13+5h

4 
except 
Marine

0.35 0.55 0.40 49 20 or 13+5h

5 & 
Marine 

4
0.32 0.55 NR 49 20 or 13+5h

6 0.32 0.55 NR 49 20+5 or 
13+10h

7 & 8 0.32 0.55 NR 49 20+5 or 
13+10h
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Climate 
Zone

Mass Wall 
R-Value i

Floor R-
Value

Basement c
Wall R-Value

Slab d R-
Value, Depth

Crawl Space 
c Wall R-

Value
1 3/4 13 0 0 0

2 4/6 13 0 0 0

3 8/13 19 5/13f 0 5/13

4 except 
Marine 8/13 19 10 /13 10, 2 ft 10/13

5 & 
Marine 4 13/17 30g 15/19 10, 2 ft 15/19

6 15/20 30g 15/19 10, 4 ft 15/19

7 & 8 19/21 38g 15/19 10, 4 ft 15/19

Prescriptive Requirements (cont.)
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Equivalent U-Factors a 

Climate 
Zone Fenestration Skylight U-

Factor
Ceiling U-

Factor
Frame Wall 

U-Factor

1 0.50 0.75 0.035 0.082

2 0.40 0.65 0.030 0.082

3 0.35 0.55 0.030 0.057

4 except 
Marine 0.35 0.55 0.026 0.057

5 & 
Marine 

4
0.32 0.55 0.026 0.057

6 0.32 0.55 0.026 0.048

7 & 8 0.32 0.55 0.026 0.048

A Non-fenestration U-factors shall be obtained from measurement, 
calculation, or an approved source.
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Equivalent U-Factors (cont.)

Climate 
Zone

Mass Wall 
U-Factor b

Floor U-
Factor

Basement Wall 
U-Factor

Crawl Space 
Wall U-Factor

1 0.197 0.064 0.360 0.477

2 0.165 0.064 0.360 0.477

3 0.098 0.047 0.091c 0.136

4 except 
Marine 0.098 0.047 0.059 0.065

5 & Marine 
4 0.082 0.033 0.050 0.055

6 0.060 0.033 0.050 0.055

7 & 8 0.057 0.028 0.050 0.055

b When more than half of insulation is on interior, following maximum U-
factors apply: CZ1-0.17, CZ2 – 0.14, CZ3 – 0.12, CZ4 (except Marine) –
0.087, CZ5 CZ4 Marine – 0.065, CZ6 -8 – 0.057. 
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State Applicable to Homes
with the Following Permit Date

MA On or after 01/01/2015

DC, IL, MD, RI On or after 04/01/2015 
(07/01/2015 for some counties).

IA On or after 06/01/2015
DE On or after 12/01/2015

MT, OR, WA On or after 01/01/2016
MN On or after 04/01/2016
NV On or after 07/01/2016
NJ On or after 04/01/2017
TX On or after 10/01/2017

ENERGY STAR for Homes v3.1
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Showcase: Tour of Zero
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Showcase: Tour of Zero    
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Showcase: Tour of Zero



409 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov

Showcase: Tour of Zero
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Showcase: Tour of Zero
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Showcase: Tour of Zero
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Showcase: Tour of Zero
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Showcase: Tour of Zero
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Showcase: Tour of Zero
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Showcase: Tour of Zero
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Zero Part of Transformation System

Existing Home Upgrades

IECC 
Code:

Mandates

ENERGY 
STAR:
Above 
Code 
Label

DOE 
ZERH:
Best 

Practices 
Label

Building 
America:

Best 
Practices
Research
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